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
0DJQHWLFDOO\ JHDUHG PRWRU PRGH 0RGH  ,Q WKLV
RSHUDWLQJPRGHWKHORDGLVGULYHQE\WKHWRUTXHWUDQVIHUUHG
IURP WKH PHFKDQLFDO SULPHPRYHU XWLOL]LQJ D PDJQHWLF
JHDULQJ HIIHFW ,Q DGGLWLRQ WKH PDFKLQH WRUTXH FDQ EH
DPSOLILHG E\ WKH HOHFWURPDJQHWLF WRUTXH SURGXFHG E\
DUPDWXUHUHDFWLRQZKHQWKHUDWHGFXUUHQWLVDSSOLHGLQWRWKH
PDFKLQHZLQGLQJV)LJE
,9 ,1)/8(1&(2)&5,7,&$/3$5$0(7(56210$&+,1(
3(5)250$1&(
:LWK WKH DLP RI REWDLQLQJ WKH PD[LPXP WRUTXH
WUDQVPLVVLRQFDSDELOLW\WKHSURSRVHG$)0*30PDFKLQHLV
JOREDOO\ RSWLPL]HG E\ XWLOL]LQJ $16<6 0D[ZHOO ')($
VRIWZDUH 0RUHRYHU ZLWK WKH RSWLPDO GLPHQVLRQV WKH
LQIOXHQFH RI HDFK SDUDPHWHU RQ PDFKLQH SHUIRUPDQFH LV
VWXGLHG ZLWK WKH DLG RI -0$* ')($ VRIWZDUH )RU WKLV
VWXG\WKHPDFKLQHLVRSHUDWHGDVDPDJQHWLFDOO\JHDUHGPRWRU
PRGHDQGWKH/65LVDVVXPHGWREHWKHRXWSXWURWRUZKLFK
LVFRQQHFWHGWRWKHGULYHDQGWKH+65LVDVVXPHGDVEHLQJ
FRQQHFWHG WR DQ H[WHUQDO SULPHPRYHU 'XULQJ WKH VWXG\
SURFHVV WKHPDFKLQH¶VFRQVWDQWSDUDPHWHUVDQGGLPHQVLRQV
DUH REWDLQHG DQG DUH SURYLGHG LQ 7DEOH ,, 0HDQZKLOH WKH
YDULDEOHSDUDPHWHUVDUHLQGLFDWHGLQ)LJDQGLGHQWLILHGLQ
7DEOH ,,,  ,W VKRXOGEHQRWHG WKDW WKH+65 VSHHGV RIERWK
WRSRORJLHVDUHVHWDVUSPDQGWKHUHIRUHWKH/65VSHHGV
DUHFDOFXODWHGDFFRUGLQJWR,QWKLVFDVHWKHIUHTXHQF\RI
WKHQRORDGDQGRQORDGVWDWRUIOX[HVIFDQEHREWDLQHGE\݂ ൌ ௡೓௣೓଺଴ ൌ ௡೗௣೗଺଴ 
7KHUHIRUHWKHVWDWRUIOX[IUHTXHQF\RI0*LV
+]DQGLWLV+]IRU0*
7$%/(,,
&2167$173$5$0(7(562)7+(0$&+,1(6
3DUDPHWHU 0*
0*

+65UDWHGVSHHGUSP  
/65UDWHGVSHHGUSP  
+65SROHSDLUQRSK  
/65SROHSDLUQRSO  
6WDWRUVORWQXPEHUQV  
0DFKLQHRXWHUGLDPHWHUPP  
$[LDOOHQJWKPP  
$LUJDSOHQJWKPP  
1XPEHURIWXUQVSKDVH  
3DFNLQJIDFWRU  
&RSSHUORVV:  
*HDULQJUDWLR*U  
30UHPDQHQFH%U7 
6LQFHLWKDVEHHQVWDWHGWKDW WKHPD[LPXPWRUTXHFDQEH
SURGXFHGE\0*HIIHFWZKHQWKHUHODWLYHDQJOHEHWZHHQWKH
WZRURWRUVLVDGMXVWHGDWHOHFGHJ>@EHIRUHVWDUWLQJWKH
VWXG\SURFHGXUHWKHUHODWLYHLQLWLDOSRVLWLRQEHWZHHQWKHWZR
URWRUV PXVW EH DGMXVWHG DW PD[LPXP WRUTXH SRVLWLRQ
0RUHRYHUWKHVWDWRUZLQGLQJLVVXSSOLHGE\SKDVHFXUUHQWV
7KHFXUUHQWDQJOHLVDGMXVWHGWRPD[LPL]HWKH/65WRUTXHLQ
ZKLFKWKHWRUTXHSURGXFHGE\DUPDWXUHUHDFWLRQLVDGGHGWR
WKH/650*WRUTXH&RQVHTXHQWO\VLQFHWKH$)0*30KDV
WZRWRUTXHSDUWVWKHLQIOXHQFHRIHDFKSDUDPHWHULVH[HUWHG
RQ WKH PDJQHWLF JHDU HIIHFW WRUTXH DV ZHOO DV WKH DUPDWXUH
FXUUHQWWRUTXH
)LJ0DFKLQHWRSRORJ\GLPHQVLRQV
7KHVHTXHQFHRIWKHLQIOXHQFHRIWKH30GLPHQVLRQVVORW
ZLGWK WRRWK WLS WKLFNQHVVVORWRSHQLQJZLGWKDQGWKHUDWLR
EHWZHHQWKHLQQHUDQGRXWHUGLDPHWHUVRQWKHPDFKLQHWRUTXH
LV FRQVLGHUHG 0RUHRYHU XQGHU WKH LQYHVWLJDWLRQ RI HDFK
LQGLYLGXDOSDUDPHWHUWKHRSWLPDOYDOXHVRIRWKHUSDUDPHWHUV
ZLOO EH IL[HG 7KH LQIOXHQFH RI HDFK SDUDPHWHU RQ DYHUDJH
WRUTXHLVH[SODLQHGLQWKHIROORZLQJVHFWLRQ
7$%/(,,,
9$5,$%/(3$5$0(7(562)7+(0$&+,1(6
3DUDPHWHU 6\PERO 'HILQLWLRQ
+65PDJQHWDQJOHUDWLR ݎ௛௣ ?௥௔௧௜௢ ߠ௠௛߬௛ 
/65PDJQHWDQJOHUDWLR ݎ௟௣ ?௥௔௧௜௢ ߠ௠௟߬௟ 
+65PDJQHWWKLFNQHVVUDWLR ݎ௛௧ ?௥௔௧௜௢ ݄௠௛ܮ௥௛ 
/65PDJQHWWKLFNQHVVUDWLR ݎ௟௧ ?௥௔௧௜௢ ݄௠௟ܮ௥௟ 
6WDWRUVORWZLGWKUDWLR ݏ௣ ?௥௔௧௜௢ ݓ௦௦߬௦ 
6WDWRUVORWWLSVWKLFNQHVVUDWLR ݏ் ?௥௔௧௜௢ ݏ்ܮ௦
6WDWRUWRRWKZLGWKUDWLR ݏ௦௢ ?௥௔௧௜௢ ݓ௦௧߬௦ 
$ ,QIOXHQFHRI30GLPHQVLRQV
$VFDQEHVHHQLQ)LJWKH$)0*30PDFKLQHKDVKLJK
DQGORZVSHHGURWRUV%\NHHSLQJRWKHUSDUDPHWHUVFRQVWDQW
WKHLQIOXHQFHRIWKH/6530GLPHQVLRQVRQWKH/65DYHUDJH
WRUTXHRI0*DQG0*LVLOOXVWUDWHGLQ)LJ
,WLVREYLRXVWKDWWKHPD[LPXPRXWSXWWRUTXHLVVHQVLWLYHWR
WKH 30 GLPHQVLRQV RI ERWK PDFKLQHV $ PD[LPXP /65
WRUTXHRI0*FDQEHREWDLQHGZKHQWKHORZVSHHG30
DQJOH UDWLRݎ௟௣ ?௥௔௧௜௢LV GHVLJQHG DV  DQG WKH PDJQHW
WKLFNQHVV UDWLRݎ௟௧ ?௥௔௧௜௢LV DSSUR[LPDWHO\)LJ D2QWKH RWKHU KDQG WKH RXWSXW WRUTXH RI 0* FDQ EH
PD[LPL]HGZKHQWKH/6530DQJOHUDWLRLVDSSUR[LPDWHO\
DQGWKHWKLFNQHVVUDWLRLVDSSUR[LPDWHO\)LJE
0RUHRYHU ZLWK RSWLPDO GLPHQVLRQV RI /65 30 WKH
YDULDWLRQRIKLJKVSHHG30GLPHQVLRQVRQWKHRXWSXWWRUTXH
RIWZRPDFKLQHPRGHOVLVVKRZQLQ)LJ)RU0*WKH
/65 WRUTXH UHDFKHV PD[LPXP YDOXH ZKHQ WKH +65 30
WKLFNQHVV UDWLRݎ௛௧ ?௥௔௧௜௢DQG PDJQHW DQJOH UDWLRݎ௛௣ ?௥௔௧௜௢DUH
GHVLJQHGDWDSSUR[LPDWHO\DQGUHVSHFWLYHO\DVFDQ
EHVHHQLQ)LJDZKHUHDVWKHWRUTXHRI0*UHDFKHV
PD[LPXPYDOXHZKHQWKH+6530WKLFNQHVVUDWLRݎ௛௧ ?௥௔௧௜௢LVDSSUR[LPDWHO\  DQG PDJQHW DQJOH UDWLR ݎ௛௣ ?௥௔௧௜௢ LV
DSSUR[LPDWHO\  )LJ E $FFRUGLQJ WR WKH REWDLQHG
SHUIRUPDQFHVRIWKHWZRWRSRORJLHVWKHWRUTXHDOZD\VUHDFKHV
LWVPD[LPXPYDOXHZKHQWKHURWRUSROHSLWFKDQGWKHVWDWRU
SROHSLWFKDUHDSSUR[LPDWHO\WKHVDPH7KHHIIHFWRIOHDNDJH

IOX[LVGHFUHDVHGLQWKLVFDVHLQZKLFKWKH0*WRUTXHLVKLJKO\
DIIHFWHGE\WKHPDJQHWDQJOH

D
E
)LJ,QIOXHQFHRIWKH/65PDJQHWGLPHQVLRQVRQ/65RXWSXWWRUTXH
D0*E0*

D
E
)LJ,QIOXHQFHRI+65PDJQHWGLPHQVLRQVRQ/65RXWSXWWRUTXH
D0*E0*
% ,QIOXHQFHRIVORWZLGWK
7KHLQIOXHQFHRIWKHVWDWRUVORWZLGWKZDVLQYHVWLJDWHGZLWK
WKHDUPDWXUHUHDFWLRQDWUDWHGFXUUHQWEHLQJFRQVLGHUHG7KH
UDWHGFXUUHQWFDQEHFDOFXODWHGDWIL[HGFRSSHUORVVRI:
7KHPDFKLQHFXUUHQWFDQEHFDOFXODWHGE\
ܫ௔ோெௌ ൌ ඨ ௖ܲ௨ ?ܴ௔ ൌ ඨ ௖ܲ௨ܣ௔݇௣௙ ?ߩܮ௔ ௔ܰଶ  
ZKHUHܫ௔ோெௌLVWKH506SKDVHFXUUHQW ௖ܲ௨LVWKHFRSSHUORVVܴ௔LVWKHZLQGLQJUHVLVWDQFHߩLVWKHFRSSHUUHVLVWLYLW\ܮ௔LVWKHVWDWRUDFWLYHOHQJWK ௔ܰLVWKHQXPEHURIZLQGLQJWXUQVSHUSKDVH݇௣௙LV WKH ZLQGLQJ SDFNLQJ IDFWRU DQGܣ௔LV WKH FRLO
DUHD
)LJLQGLFDWHVWKHHIIHFWRIWKHVORWZLGWKRQWKHDYHUDJH
WRUTXHIRUWKHFRQVLGHUHGPRGHOV,WFDQEHVHHQWKDWWKHWZR
WRSRORJLHV KDYH RSWLPDO /65 DYHUDJH WRUTXH ZKHQ WKH VORW
ZLGWKUDWLRݏ௣ ?௥௔௧௜௢LVDSSUR[LPDWHO\$WIL[HGPDFKLQH
RXWHUGLDPHWHUDQGE\FRQVLGHULQJWKHHQGZLQGLQJWKLFNQHVV
WKHPDFKLQHDFWLYH OHQJWK LQ WKHUDGLDOGLUHFWLRQ LVFKDQJHG
ZLWK WKH VWDWRU VORW 7KH VORW ZLGWK LQ WKLV FDVH DIIHFWV WKH
WRUTXHSURGXFHGE\WKHDUPDWXUHUHDFWLRQDQG0*HIIHFW
& ,QIOXHQFHRIVORWWLSWKLFNQHVV
$W IL[HG VWDWRU ZLGWK ܮ௦  WKH DYHUDJH RXWSXW WRUTXH IRUGLIIHUHQWWRRWKWLSWKLFNQHVVHVLVSUHVHQWHGLQ)LJ,WFDQEH
VHHQWKDWWKHDYHUDJHWRUTXHLVVHQVLWLYHWRWKHVWDWRUZLGWKLQ
ZKLFK WKH WRUTXH GHFUHDVHV DV WKH WRRWK WLS WKLFNQHVV
LQFUHDVHV7KDWLVGXHWRWKHGHFUHDVHVRIWKHVORWDUHDDVZHOO
DVWKHDUPDWXUHFXUUHQWFDSDELOLW\7KHVKDSHRIWKHVWDWRUVORW
KDVDFULWLFDOLPSDFWRQWKH0*HIIHFWDVZHOODVWKHWXUQVRI
WKHFRSSHUZLUHV

)LJ,QIOXHQFHRIVORWZLGWKRQDYHUDJHWRUTXH

)LJ,QIOXHQFHRIVORWWLSWKLFNQHVVRQDYHUDJHWRUTXH
' ,QIOXHQFHRIVORWRSHQLQJZLGWK
7KH LQIOXHQFH RI WKH VORW RSHQLQJ ZLGWK RQ WKH DYHUDJH
WRUTXHLVREWDLQHGE\VWXG\LQJWKHFKDQJLQJRIWKHUDWLRRIWKH
VWDWRU SROH ZLGWK ݓ௦௧ WR WKH VWDWRU SROH SLWFK ߬௦  )LJ LQGLFDWHV WKHHIIHFWRIVORWRSHQLQJZLGWKRQERWKPDFKLQHV

WRUTXHSHUIRUPDQFH,WFDQEHQRWHGWKDWWKHPDFKLQHWRUTXH
RIWKHWZRPRGHOVUHDFKHVLWVPD[LPXPYDOXHZKHQWKHVORW
RSHQLQJUDWLRLVDSSUR[LPDWHO\7KLVHIIHFWLVGXHWRWKH
OHDNDJHIOX[EHWZHHQWZRGLIIHUHQWSROHWLSVEHLQJHOLPLQDWHG
DVWKHVORWRSHQLQJLQFUHDVHV
( ,QIOXHQFHRIWKHUDWLREHWZHHQRXWHUDQGLQQHUGLDPHWHUV
7KH LQIOXHQFHRI WKH UDWLRRI WKHPDFKLQH LQQHUGLDPHWHU
,' ZLWK UHVSHFW WR WKH PDFKLQH RXWHU GLDPHWHU 2' ZDV
DOVRVWXGLHG7KHLQQHUGLDPHWHULVFKDQJHGDWGLIIHUHQWYDOXHV
ZKHUHDVWKHRXWHUGLDPHWHULVNHSWFRQVWDQW)LJLQGLFDWHV
WKH LQIOXHQFH RI LQQHU WR RXWHU GLDPHWHU YDULDWLRQ RQ WKH
PDFKLQH WRUTXHSHUIRUPDQFH ,W LV REYLRXV WKDW WKHDYHUDJH
WRUTXHRIWKHWZRWRSRORJLHVLQFUHDVHVDVWKHUDWLRGHFUHDVHV
2Q WKHRWKHUKDQGZKHQ WKH UDWLR LQFUHDVHV WKHPDFKLQH¶V
DFWLYH OHQJWK GHFUHDVHV ZKLFK UHVXOWV LQ GHFUHDVLQJ RI WKH
VWDWRUFRLODQGWKHPDJQHWOHQJWKV

)LJ,QIOXHQFHRIVORWRSHQLQJRQDYHUDJHWRUTXH

)LJ,QIOXHQFHRIPDFKLQHLQQHUGLDPHWHURQDYHUDJHWRUTXH
9 $1$/<6,62)352326('0$*1(7,&$//<*($5('
0$&+,1(
%RWK0*DQG0*DUHDQDO\]HGDQGVWXGLHGLQ
WKLVVHFWLRQ:LWKWZRPDFKLQHVSHFLILFDWLRQVDQGSDUDPHWHUV
OLVWHG LQ 7DEOH ,, WKH QRORDG SHUIRUPDQFH LV FDOFXODWHG DW
]HUR UHODWLYH DQJOH EHWZHHQ WKH +65 DQG /65 SROH D[HV
+RZHYHUZLWKWKHDLPRIFDOFXODWLQJWKHWRUTXHSHUIRUPDQFH
DQGREWDLQLQJPD[LPXP0*WRUTXHWKHD[HVRIERWKURWRUV
DUHSODFHGWRKDYHDUHODWLYHSRVLWLRQDQJOHRIHOHFGHJ
>@:LWKVWDWLRQDU\PRGXODWRUSLHFHVWKHUHODWLYHHOHFWULFDO
DQJOHߜEHWZHHQWZRURWRUVFDQEHFDOFXODWHGE\ߜ ൌ ݌௛ߠ௛ െ ݌௟ߠ௟ 
ZKHUHߠ௛DQGߠ௟DUHWKHPHFKDQLFDOD[LVDQJOHVRI+65DQG/65 UHVSHFWLYHO\7KHPD[LPXPUHODWLYHSRVLWLRQDQJOH LV
REWDLQHGE\IL[LQJWKH/65SROHD[LVDW]HURLQLWLDOSRVLWLRQ
ZKHUHDVWKH+65D[LVSRVLWLRQLVURWDWHGRYHUHOHFGHJ
 PHFK GHJ RI 0* DQG  PHFK GHJ RI
0*ZLWKWKHUHIHUHQFHRI/65SRVLWLRQDVH[SODLQGLQ
)LJ  %\ XWLOL]LQJ ')($ WKH SHUIRUPDQFH RI WKH
PDFKLQH LV YHULILHG DQG FRPSDUHG DW QRORDG DQG RQORDG
FRQGLWLRQV
$ 1RORDGILHOGDQGEDFN(0)
7KHQRORDGSHUIRUPDQFHLVILUVWO\REWDLQHGDQGFRPSDUHG
IRU ERWK PDFKLQHV )LJ  SORWV WKH QRORDG IOX[ GHQVLW\
GLVWULEXWLRQVRIERWKPDFKLQHJHRPHWULHVDWLQLWLDOSRVLWLRQ,W
FDQEHVHHQWKDWWKHIOX[GHQVLW\RIWKH0*LVKLJKHU
WKDQ WKDW RI WKH 0* 0RUHRYHU WKH PDFKLQH LV
VLPXODWHGDWRSHQFLUFXLWDQGERWKURWRUVDUHURWDWLQJDWWKHLU
UDWHGVSHHGV7KHQRORDGSHUIRUPDQFHLVFDOFXODWHGDWLQLWLDO
UHODWLYHDQJOHEHWZHHQ+65DQG/65EHLQJ]HURLQZKLFKWKH
GD[LVRI+65DQG/65SROHVDUHDOLJQHG)LJVKRZVWKH
FRPSDULVRQ RI SKDVH IOX[ OLQNDJHV IRU ERWK $)0*30
PDFKLQHV ,W FDQ EH REVHUYHG WKDW WKH SKDVH IOX[ OLQNDJH
ZDYHIRUPV RI WKH WZR PDFKLQHV DUH VLQXVRLGDO DQG
V\PPHWULFDO$OVRLWLVFOHDUWKDW0*KDVKLJKHUIOX[
OLQNDJH PDJQLWXGH RI DSSUR[LPDWHO\  P:E ZKHUHDV
0*KDVIOX[OLQNDJHPDJQLWXGHRIDSSUR[LPDWHO\
P:E
  D           E
)LJ,OOXVWUDWLRQRIUHODWLYHDQJOHEHWZHHQ+65DQG/65D0LQLPXP
UHODWLYHDQJOHHOHFGHJE0D[LPXPUHODWLYHDQJOHHOHFGHJ
 D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RWKHUKDQGWKHEDFN(0)LQGXFHGLQWKHVWDWRUZLQGLQJVLVD
UHVXOWRIWKHVXPPDWLRQRIWKHEDFN(0)SURGXFHGE\ERWK
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WKDQ0*DVHYLGHQFHGLQ7DEOH,
D
E
)LJ  &RPSDULVRQ RI QRORDG SKDVH EDFN (0)V DQG FRUUHVSRQGLQJ
KDUPRQLFVDW]HURUHODWLYHDQJOHD:DYHIRUPVE+DUPRQLFVVSHFWUD
% 7RUTXH
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UHODWLYHSRVLWLRQEHWZHHQ+65DQG/65DQGHOHFWURPDJQHWLF
WRUTXHSURGXFHGE\WKHLQWHUDFWLRQRIDUPDWXUHILHOGDQG30
ILHOG)LJVKRZVWKH0*WRUTXHDQJOHFKDUDFWHULVWLFVIRU
WKHSURSRVHGPDFKLQHZKLFKFDQEHREWDLQHGE\EORFNLQJWKH
/65 DW LQLWLDO SRVLWLRQ RI ߠ௟ ൌ  ?௢ ZKHUHDV WKH +65 LVLQFUHPHQWDOO\URWDWHGZLWKWKHUHIHUHQFHRIWKH/65SRVLWLRQ
,W LV FOHDU WKDW WKH WRUTXH RI ERWK URWRUV LQFUHDVHV DV WKH
UHODWLYHDQJOHLQFUHDVHVDQGUHDFKHVLWVPD[LPXPYDOXHZKHQߜ LV  HOHF GHJ LQ ZKLFK WKH FRUUHVSRQGLQJ PHFKDQLFDO
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DSSOLHGORDG,QRWKHUZRUGVZKHQQRORDGLVDSSOLHGRQWKH
RXWSXW VKDIW WKH UHODWLYHDQJOH LVDSSUR[LPDWHO\]HUR LI WKH
WRUTXHSURGXFHGE\WKHURWRUZHLJKWLVQHJOHFWHG0RUHRYHU
DV WKH ORDG LQFUHDVHV WKH UHODWLYH DQJOH LQFUHDVHV DQG WKH
WRUTXHUHDFKHVLWVPD[LPXPYDOXHZKHQWKHUHODWLYHDQJOHLV
HOHFGHJ)XUWKHU ZKHQ WKH ORDGH[FHHGV WKHPD[LPXP
WRUTXHYDOXHERWKURWRUVZLOOVOLS0RUHRYHU)LJVKRZV
WKH0*HIIHFWWRUTXHSHUIRUPDQFHDQGWKHKDUPRQLFVVSHFWUD
IRUERWKWRSRORJLHVZKHQWKHUHODWLYHDQJOHLVDGMXVWHGDW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0RUHRYHU )LJ  VKRZV WKDW ZKHQ WKH UDWHG FXUUHQW LV
DSSOLHG WR WKH VWDWRU ZLQGLQJ WKH /65 WRUTXHV IRU ERWK
PDFKLQHV LQFUHDVH 0RGH  +RZHYHU WKH DYHUDJH +65
WRUTXH ZLOO QRW EH DIIHFWHG E\ DUPDWXUH UHDFWLRQ FXUUHQW
$FFRUGLQJWRRSHUDWLRQSULQFLSOHVRIV\QFKURQRXVPDFKLQHV
WKHGD[LVRIWKH/65IOX[LVDOLJQHGZLWKWKHSKDVH$SROH
DV VKRZQ LQ )LJ  7KHUHIRUH WKH DUPDWXUH ILHOG RQO\
LQWHUDFWV ZLWK WKH 30 ILHOG RI /65 ZKLFK UHVXOWV LQ H[WUD
WRUTXH DQG WRUTXH EHLQJ WUDQVIHUUHG IURP +65 GXH WR WKH
JHDULQJHIIHFW )LJVKRZV WKH UHODWLRQVKLSEHWZHHQ WKH
PDFKLQHDYHUDJHWRUTXHDQGWKHFXUUHQWDQJOHDWWKHRSWLPDO
UHODWLYH DQJOH ,W LV REYLRXV WKDW WKH WRUTXH SURGXFHG E\
DUPDWXUHUHDFWLRQFDQEHFRQWUROOHGE\WKHFXUUHQWDQJOH2Q
WKHRWKHUKDQG WKHSRZHUWRUTXHSURGXFHGE\ WKHDUPDWXUH
UHDFWLRQFDQEHVSOLWEHWZHHQWKHKLJKDQGORZVSHHGURWRUV
E\FKDQJLQJWKHFXUUHQWDQJOHEHWZHHQDQGሻHOHFGHJ
,QWKLVFDVH WKHDUPDWXUHUHDFWLRQIOX[LVDOLJQHGZLWK/65
30 IOX[ ,Q DGGLWLRQ E\ FKDQJLQJ WKH FXUUHQW DQJOH WR LWV
RSWLPDO YDOXH RI ? ?HOHF GHJ WKH DUPDWXUH FXUUHQW WRUTXH
ZLOO EH DGGHG WR +65 WRUTXH )XUWKHUPRUH DW PD[LPXP
WRUTXHH[HUWHGRQDVSHFLILFURWRUWKHDUPDWXUHUHDFWLRQHIIHFW
RQ WKHRWKHU URWRU VKRXOGEH]HUR ,QJHQHUDO WKHPDWFKLQJ
EHWZHHQ 0* WRUTXH RI HLWKHU +65 RU /65 DQG DUPDWXUH
UHDFWLRQWRUTXHFDQEHREWDLQHGE\WKHDFFXUDWHFKRLFHRIWKH
VWDWRU¶VFXUUHQWDQJOHDWWKHJLYHQUHODWLYHDQJOH
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SROHFRPELQDWLRQVDWIXOOORDGD7RUTXHVE6SHFWUD
& $[LDOIRUFH
7KH PDMRU IRUFH ZKLFK VKRXOG EH FRQVLGHUHG LQ WKH
PDFKLQHDQDO\VLVLVWKHDWWUDFWLYHIRUFHEHWZHHQWKHURWRU30V
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ORDG FRQGLWLRQV ,W LV ZRUWK PHQWLRQLQJ WKDW WKH IRUFH LV
FDOFXODWHGDWPD[LPXPUHODWLYHDQJOHEHWZHHQ+65DQG/65
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HOHFGHJZLWKWKHUHIHUHQFHRIWKH/65,WFDQEHVHHQWKDW
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WKHDUPDWXUHFXUUHQWIOX[GHQVLW\ZKHUHDVWKHIRUFHVDSSOLHG
RQ WKH/65VDUHDSSUR[LPDWHO\ WKH VDPHDV WKDWDWQRORDG
FRQGLWLRQVLQFHWKHGD[LVRIWKH/65DQGWKHD[LVRISKDVH$
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HIILFLHQFLHV DQG SRZHU IDFWRUV RI WKH WZR WRSRORJLHV ,W LV
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0*DWWKHJLYHQFRSSHUORVV

D

E
)LJ&RPSDULVRQRID[LDOIRUFHVDSSOLHGRQVWDWRUVIRUGLIIHUHQWURWRUSROH
FRPELQDWLRQVDWQRORDGDQGRQORDGD$[LDOIRUFHVE6SHFWUD
7$%/(,9
&203$5,6212)0$&+,1(/266(6$1'()),&,(1&<$75$7('
&855(17$1'63(('
3DUDPHWHU 0*
0*

/65VSHHGUSP  
7RUTXHGHQVLW\1PP  
0HFKDQLFDORXWSXWSRZHU:  
&RSSHUORVV:  
30HGG\FXUUHQWORVV:  
,URQORVV:  
3RZHUIDFWRU  
(IILFLHQF\  
( ,QIOXHQFHRIPDFKLQHVL]HRQSRZHURXWSXW
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PHQWLRQHGDERYHWKHRXWSXWSRZHUDWUDWHGVSHHGLVTXLWHORZ
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DSSOLFDWLRQVZLOOEHGLVFXVVHGLQ WKLV VXEVHFWLRQ)URPWKH
FRQYHQWLRQDO$)30PDFKLQHSRLQWRIYLHZLWLVHYLGHQWWKDW
WKHRXWHUGLDPHWHUKDVD VLJQLILFDQW LPSDFWRQ WKHPDFKLQH
WRUTXHSRZHU DW FRQVWDQW VSHHG VLQFH WKH\ DUH SURSRUWLRQDO
ZLWK WKH FXEH RI WKH RXWHU GLDPHWHU 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URWRU SROH QXPEHU
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SRZHU FKDQJHV +RZHYHU IRU WKH VDNH RI VLPSOLFLW\ DQG
GLVFXVVLRQWKHSURSRVHG0*PDFKLQHLVVLPSO\VFDOHG
XSVLQFHLWKDVDODUJHURXWSXWSRZHUWKDQWKH0*7KH
RSWLPL]HGWRSRORJ\RI0*LVVFDOHGLQERWKUDGLDODQG
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)LJLQGLFDWHVWKHSRZHUVRIWKH+65DQG/65DQGWKH
FRUUHVSRQGLQJ PDFKLQH YROXPH DW GLIIHUHQW VFDOH IDFWRUV DW
WKHUDWHGVSHHGV,WLVFOHDUWKDWWKHPDFKLQHYROXPHOLQHDUO\
LQFUHDVHV ZLWK WKH VFDOH IDFWRU DQG SRZHU VLJQLILFDQWO\
LQFUHDVHVDVWKHPDFKLQHLVVFDOHGXS7KHUHIRUHDFFRUGLQJWR
WKHREWDLQHG UHVXOWV ZKHQ WKHRXWHUGLDPHWHU DQG WKH D[LDO
OHQJWKDUHVFDOHGE\LH'R PPDQG/[ PP
WKHLQSXWDQGWKHRXWSXWSRZHURIN:DQGN:FDQEH
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FRQVLVWLQJRIVWDWRUSROHVPDGHRIODPLQDWHGVWHHOD
SROHKLJKVSHHG30URWRU+65DQGDSROHORZVSHHG30
URWRU /65 ZDV IDEULFDWHG DQG WHVWHG )RU WKH VDNH RI
PDQXIDFWXULQJVLPSOLFLW\ WKHPDJQHWVDQGWKHVWDWRUSLHFHV
ZHUHPDGHWREHUHFWDQJXODUDVFDQEHVHHQLQ)LJ7KH
PDLQGHVLJQSDUDPHWHUVDUH OLVWHG LQ7DEOH92QWKHRWKHU
KDQGXVLQJWKHVDPHSURWRW\SHGLPHQVLRQVDQ)(PRGHOLV
HVWDEOLVKHG DQG VLPXODWHG ZLWK WKH DLG RI ')( VRIWZDUH
7KHSURWRW\SHZDVWHVWHGDWQRORDGWRFDOFXODWHWKHFRJJLQJ
WRUTXHVWDWLF0*WRUTXHDQGEDFN(0)0RUHRYHUWKHRQ
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7KH LQGLYLGXDO FRJJLQJ WRUTXHV RI +65 DQG /65 ZHUH
ILUVWO\PHDVXUHGXWLOL]LQJWKHPHDVXULQJPHWKRGGHVFULEHGLQ
>@ DQGZLWK WKHDLGRI WKH WHVW ULJ VKRZQ LQ)LJ2QH
URWRUVKDIWZDVFRQQHFWHGWRDEDODQFHEHDPWRPHDVXUHWKH
IRUFH SURGXFHG E\ WKH SURWRW\SH ZLWK WKH DLG RI D GLJLWDO
ZHLJKWVFDOHZKLOH WKHRWKHUURWRUZDVDEOHWRIUHHO\URWDWH
7KH VWDWRU ZDV IL[HG WR WKH ODWKH PDFKLQH ZKLFK FRXOG EH
IUHHO\URWDWHGWRYDU\WKHURWRUSRVLWLRQ0RUHRYHUDSUHORDG
ZHLJKW ZDV ORFDWHG RQ WKH EHDP DERYH WKH GLJLWDO VFDOH WR
NHHSFRQWLQXRXVDWWDFKPHQWZLWK WKHGLJLWDO VFDOHZKHQ WKH
SRVLWLRQ ZDV FKDQJHG %\ FKDQJLQJ WKH VWDWRU DQJXODU
SRVLWLRQWKHFRJJLQJWRUTXHDWGLIIHUHQWURWRUSRVLWLRQVFRXOG
EHPHDVXUHGIRUHDFKURWRU
)LJ  VKRZV WKH PHDVXUHG DQGSUHGLFWHG/65 FRJJLQJ
WRUTXHV IRU WKH SURSRVHG PDJQHWLFDOO\ JHDUHG PDFKLQH
6LPLODUO\ )LJ  VKRZV WKH PHDVXUHG DQG SUHGLFWHG +65
FRJJLQJ WRUTXHV ,W LV REYLRXV WKDW WKH SUHGLFWHG FRJJLQJ
WRUTXHVRI/65DQG+65DUHUHODWLYHO\VPDOO0RUHRYHUVLQFH
WKH PDJQHW VKDSH KDV EHHQ FKDQJHG IRU PDQXIDFWXULQJ
FRQVLGHUDWLRQWKHPDFKLQHFRJJLQJWRUTXHLVH[SHFWHGWREH
FKDQJHG,WLVFOHDUWKDWXWLOL]LQJUHFWDQJXODUPDJQHWUHGXFHV
WKH /65 FRJJLQJ WRUTXH DPSOLWXGH ZKHUHDV WKH FRJJLQJ
WRUTXH RI WKH +65 LV VLJQLILFDQWO\ LQFUHDVHG E\ XWLOL]LQJ D
UHFWDQJXODUPDJQHW VKDSHDV VKRZQ LQ)LJDQG)LJ
UHVSHFWLYHO\7KHGLVFUHSDQF\EHWZHHQ)($DQGWHVWHGUHVXOWV
LVFDXVHGE\PDQXIDFWXULQJWROHUDQFHV
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WKHUHIRUHDQDSSUR[LPDWHUSPLVPHDVXUHG
IRU WKH VSHHG RI /65 ,W VKRZV WKDW WKH PHDVXUHG DQG
SUHGLFWHGEDFN(0)DPSOLWXGHVDUHDSSUR[LPDWHO\9DQG
9 UHVSHFWLYHO\ LQ ZKLFK D JRRG YDOLGDWLRQ LV REWDLQHG
DQG WKHGLIIHUHQFHEHWZHHQ WKHPHDVXUHGDQG WKHSUHGLFWHG
(0) DPSOLWXGHV LV PDLQO\ DWWULEXWHG WR WKH PDQXIDFWXULQJ
LPSHUIHFWLRQ
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7KH PHDVXUHG DQG SUHGLFWHG /65 DQG +65 VWDWLF 0*
WRUTXHV DUH FRPSDUHG LQ )LJ  7KH 0* WRUTXH FDQ EH
PHDVXUHGE\DSSO\LQJIRUFHVWRWKH+65VKDIWDQGPHDVXULQJ
WKHFRUUHVSRQGLQJ/65IRUFHVZLWKWKHDLGRIDGLJLWDOVFDOH
,WLVREYLRXVWKDWDWQRORDGWKHPDFKLQH0*WRUTXHLV]HUR
DW WKH LQLWLDOSRVLWLRQVLQFH WKHUHODWLYHDQJOHEHWZHHQ+65
DQG/65LV]HURHOHFGHJ,QDGGLWLRQWKH0*WRUTXHIRUWKH
/65 URWRU LQFUHDVHV ZLWK WKH UHODWLYH DQJOH DQG LW UHDFKHV
PD[LPXP ZKHQ WKH UHODWLYH DQJOH EHWZHHQ WKH WZR URWRUV
HTXDOVHOHFGHJ0RUHRYHUDFFRUGLQJWRWKHREWDLQHG/65
DQG+65WRUTXHVLWLVFRQILUPHGWKDWWKHPDJQHWLFJHDUUDWLR
IRUWKHSURWRW\SHLVDSSUR[LPDWHO\
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7KHRQORDG VWDWLF WRUTXH LV PHDVXUHGXWLOL]LQJ WKH VDPH
PHDVXULQJ PHWKRGRIFRJJLQJ WRUTXHGHVFULEHG LQ >@DQG
ZLWKWKHDLGRI WKHWHVWULJGLVSOD\HGLQ)LJ7RGRWKLV
RQHURWRUZDVIL[HGLQSODFHWRWKHVWDWRUZLWKDFOXPSZKLFK
LVIL[HGWRDODWKHPDFKLQH0RUHRYHUWKHRWKHUURWRUVKDIWLV
FRQQHFWHGWRDEDODQFHEHDPWRPHDVXUHWKHIRUFHSURGXFHG
E\WKHSURWRW\SHZLWKWKHDLGRIGLJLWDOZHLJKWVFDOH,QWKLV
FDVHWKHURWRUZLOOEHVWDWLRQDU\ZKHUHDVWKHIL[HGURWRUDQG
WKHVWDWRUDUHURWDWHGWRYDU\WKHURWRUSRVLWLRQ6XEVHTXHQWO\
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PD[LPXPRQORDG/65VWDWLFWRUTXHWKHGD[LVRIWKH+65
SROH DQG WKH SKDVH $ VWDWRU SROH VKRXOG EH DOLJQHG DV
LQGLFDWHGLQ)LJ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ZLQGLQJLVIHGE\VSHFLILFFXUUHQWDQHOHFWURPDJQHWLFWRUTXH
FDQEHREWDLQHGDQGWKHPDFKLQHWRUTXHLQFUHDVHVIXUWKHUDV
WKH/65SRVLWLRQLQFUHDVHV7KHPHDVXUHGDQGSUHGLFWHG/65
WRUTXHFRQVWDQWVDUHDQG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,QWKLVFDVHWKH/65LVIL[HGZLWKWKHVWDWRUZKHUHE\WKH+65
WRUTXHLVPHDVXUHG7KHPHDVXUHGDQGSUHGLFWHG+65WRUTXH
FRQVWDQWVDUHDSSUR[LPDWHO\$JRRGYDOLGDWLRQEHWZHHQ
PHDVXUHGDQGVLPXODWHGUHVXOWVLVWKHUHIRUHREWDLQHG

)LJ&RPSDULVRQRISUHGLFWHGDQGPHDVXUHG/65VWDWLFWRUTXHVDW
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,QWKLVVWXG\DQHZD[LDOIOX[PDJQHWLFDOO\JHDUHGPDFKLQH
IRUSRZHUVSOLWDSSOLFDWLRQVLVSUHVHQWHG&RPELQLQJDQD[LDO
PDJQHWLF JHDU ZLWK D 30 PDFKLQH UHVXOWV LQ D QHZ
PDJQHWLFDOO\JHDUHGPDFKLQHZKLFKLVFDSDEOHRIVSOLWWLQJRU
PL[LQJ WKH PDFKLQH LQSXW SRZHUV )XUWKHUPRUH YDULRXV
RSHUDWLQJPRGHVRIWKHSURSRVHGWRSRORJLHVDUHVWXGLHGDQG
LQYHVWLJDWHG ,W KDV EHHQ VKRZQ WKDW WKH PHFKDQLFDO LQSXW
WRUTXHDSSOLHGRQHLWKHUWKH+65RUWKH/65FDQEHVFDOHGXS
RUGRZQE\XWLOLVLQJWKHSURSRVHG$)0*300RUHRYHUWKH
RXWSXW WRUTXHWUDQVIHUUHGE\PDJQHWLFJHDULQJHIIHFWFDQEH
LQFUHDVHGE\WKHDUPDWXUHUHDFWLRQWRUTXH7KHSHUIRUPDQFH
FRPSDULVRQV EHWZHHQ 0* DQG 0* VKRZ WKDW
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JHQHUDOWKHPDFKLQHSHUIRUPDQFHLQYHVWLJDWLRQVWDWHVWKDWDW
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